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Abstract 

Introduction. To describe the operation of temperature piezoceramic structures, the theory of thermoelectroelasticity is 
used, in which the mathematical model is formulated as a system of nonself-adjoint differential equations. The complexity 
of its integration in general leads to the study of problems in an unrelated formulation. This does not allow us to evaluate 
the effect of electroelastic fields on temperature. The literature does not present studies on these problems in a three- 
dimensional coupled formulation in which closed solutions would be constructed. At the same time, conducting such 
studies allows us to understand the interaction picture of mechanical, thermal and electric fields in a structure. To solve 
this problem, a new closed solution of a coupled problem for a piezoceramic round rigidly fixed plate has been constructed 
in this research. It provides for qualitative assessment of the cross impact of thermoelectroelastic fields in this 
electroelastic system. 

Materials and Methods. The object of the study is a piezoceramic plate. The case of unsteady temperature change on its 
upper front surface is considered, taking into account the convection heat exchange of the lower plane with the 
environment (boundary conditions of the Ist and 3rd kind). The electric field induced as a result of the thermal strain 
generation is fixed by connecting the electrodated surfaces to the measuring device. The thermoelectroelasticity problem 
includes the equations of equilibrium, electrostatics, and the unsteady hyperbolic heat equation. It is solved by the 
generalized method of finite biorthogonal transformation, which makes it possible to construct a closed solution of a 
nonself-adjoint system of equations. 

Results. A new closed solution of the coupled axisymmetric thermoelectroelasticity problem for a round plate made of 
piezoceramic material was constructed. 

Discussion and Conclusion. The obtained solution to the initial boundary value problem made it possible to determine 
the temperature, electric and elastic fields induced in a piezoceramic element under arbitrary temperature axisymmetric 
external action. The calculations performed provided determining the dimensions of solid electrodes, which made it 
possible to increase the functionality of piezoceramic transducers. Numerical analysis of the results enabled us to identify 
new connections between the nature of external temperature action, the deformation process, and the value of the electric 
field in a piezoceramic structure. This can validate a proper program of experiments under their designing and 
significantly reduce the volume of field studies. 
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AHHOTalna 

Beedenue. J[na onucanua paOoTbI TeMMepaTypHbIX Ibe3OKepaMH4eCKHX KOHCTPyKUM UCMONb3yeTcA TeOpHA 
TEPMOIICKTPOYMpyrocTH, B KOTOPOM MaTemMaTHYecKad MOeIb CPOPMYIHpPOBaHa B BUC CHCTEMbI HECaMOCONIPs.KEHHBIX 
TuddepenuMarbHblx ypaBHeHHit. Ciox%KHOCTb ee MHTErpHpOBaHHA B OOMIEM BUe IPHBOAUT K HCCeOBAaHHIO 3aay B 
HeCBA3aHHOM MOCTaHOBKe. ITO He MO3BOIACT OLCHHTh 3PPeKT BIIMAHUA ZICKTPOYMpyrux Moe Ha TeMMepaTypHoe. 
B mmtepatype He lIpeycTaBIeHbI HCCIeqOBaHHA JaHHBIX 3aa4 B TPeXMepHOM CBA3AHHOM MOCTaHOBKe, B KOTOPBIX OBLIH 
ObI MOCTpOeHbI 3AaMKHyTHIe pemtenua. [pu 3TOM MpoBeyeHHe MMCHHO TaKHX MCCIeAOBaHH MO3BONACT MOHAT KapTHHy 
B3aMMOJCHCTBUA MCXaHHYeCKHX, TeMJIOBbIX H 3JICKTPHYeCKHX MOJel B KOHCTpyKuMH. JIA pewleHHA TaHHOH MpoOseMbBI 
B HacTOAMelH padoTe MOcTpoeHO HOBOe 3aMKHYTOe PelIeHHe CBA3AaHHOM 3aa4H JIA Mbe30KepaMHMyeckOH Kpyriol 
%KECTKO 3aKpelJIeCHHOH TWIaCTHHbI, MO3BOJIMIOWIee KAaYeCTBCHHO OLWCHHTb B3aHMHOe BIIMAHHe TepMO3IeKTPOypyrux 
nose B TaHHOM dIeKTpoylpyroi cucTeme. 

Mamepuaaoi u memoovi. OObexToM UccieqOBaHMA ABJIAeTCA Mbe3OKepaMuyeckasd MlacTuHa. PaccMatpuBaetca Cryyali 
HeCTalMOHapHOTO H3MeHeHHA TeMIlepaTypbI Ha ee BepxHel JIMeBOM MOBepXHOCTH MpH yueTe KOHBeEKIMOHHOrO 
TeMOOOMeHa HWKHeM IWJIOCKOCTH Cc OKpy2KaloleH cpeyow (rpaHuyHbie ycuosua | u 3 poga). Unayuupyemoe B 
pe3ybTaTe oOpa30BaHHaA TeMMepaTypHbIX AeopMalHi seKTpuyeckoe Moe PuKcHpyeTcaA MyTeM NOAKTOUeHHA 
3JIEKTPOAMpOBaHHBIX TOBepXHOCTeli K H3MepHTeIbHOMy UpHOopy. 3aqaya TepMO3IeKTpOyMpyrocTH BKIIOUAeT 
ypaBHeHHA PaBHOBeCHA, IICKTPOCTaTHKM MH HecTalMoHapHoe rulepOomMuecKoe ypaBHeHHe TerIonpoBoyHocTu. Oua 
pewiaetca oO0ON[eHHBIM MeTOJOM KOHeYHOrO OMOpTOrOHabHOrO peoOpa30BaHHA, TMOSBOJAIOWerO MOCTPOHTb 
3AMKHYTOe pellleHHe HeCaMOCONps.KeHHOM CHCTeEMBI ypaBHeHHi. 

Pesynbmamet ucciedoeanua. IloctpoeHo HOBOe 3aMKHyTOe pellieHve CBaA3aHHOM OCeCHMMeTpPHYHOM 3aa4qH 
TEPMOIIEKTPOYNPYTOCTH AIA KPyTJIOH MWAaCTHHBI, BbITIOJIHCHHOM U3 Tbe30KepaMH4ecKOrO MaTepualia. 

Ooécyocdenue u_ 3aksjo4uenue. TlomyayeHHoe pellieHve HavasIbHO-KpaeBOH 3aauH NO3BONIMeT OlpeeuMTb 
TeMUlepaTypHoe, dIeKTpH4eckoe UM yipyroe NOsA, HHAYUMpYyeMBle B IIbe30KepaMHYECKOM IJICEMEHTE Tp MpOW3BOJIBHOM 
TeMUepaTypHOM OCeECHMMeTPH4HOM BHELIHeM BO3JelcTBHH. ITpoBeqeHHble pacdeTbI MO3BOJIAIOT Ope eIMTb pa3sMepsl 
CIJIOUIHBIX 3JIEKTPOAOB, KOTOPbIe alOT BO3MOXKHOCTL MOBbICHTL (PYHKIMOHAJIbHbIC BO3MOXKHOCTH Ibe30OKepaMH4eCcKHX 
TpeoOpasoBatenet. UnceHHbIM aHasIM3 Pe3yIbTATOB MO3BOJIACT BbIABHTb HOBbIC CBA3H Me%Ky XAapaKTepOM BHELIHero 
TeMIIepaTypPHOro BO3ACHCTBHA, IIPOeccoM AesOpMUpoOBaHHA M BEIMYHMHON IICKTPHYECKOTO MOA B Ibe30KepaMuyeckoni 
KOHCTpyKUMH. SOTO aeT BO3MO%KHOCTb OOOCHOBaTb pallMOHaIbHy!O MporpaMMy 9KCIIepHMeHTOB pH Ux 
IIpOCKTHPOBaHHH HM 3HAYHTEIIbHO COKpaTHTb OOBEM HaTypHBIX UCCIeLOBaHHH. 


Korouesble cJ10Ba: 3aqada TeCPMOSJICKTpOYHUpyrocTH, CBA3aHHaA OCCCHMMeCTpH4HaA 3ajtada, 2HeCCTKO 3akpeIvIeHHaAd 
TJlacTHHa, OvMOpTOrOHasIBHBIe KOHCUHbIC HHTCIpaJIBHbIle IIpeoOpa30BaHH4a 


Buaarogapuoctu. ABTopbl BbIPaxKaloT OaroqapHOCTb pelleH3eHTaM 3a TIpoBeseHHy!IO paboTy, KOTOpad MO3BOMIAa 
MOBbICHTb KAYeCTBCHHBIM YPOBCHb CTATbH. 


Aaa uutTupospanna. Wsaxuu J].A., Casnunosa E.B. Caa3anHaa ocecHMMeTpH4uHad 3aada TepMOIIEKTPOYIIpyrocTH WA 
KpyrIoH %KeCTKO 3aKpellieHHow macTuHbt. Advanced Engineering Research (Rostov-on-Don). 2024;24(1):23-35. 
https://doi.org/10.23947/2687-1653-2024-24- 1-23-35 


Introduction. Various mathematical models are used to improve the functionality of piezoceramic sensors [1-3] 
based on the interdependence of thermoelectroelastic fields. To more accurately account for the effect of coupling of these 
fields, it is needed to construct closed solutions. Some simplifications are used to solve systems of initial nonself-adjoint 
differential equations. Thus, the problems can be considered in an uncoupled formulation, or the problems consider and 
analyze elements that have a degenerate geometry. An uncoupled stationary problem for a long electroelastic cylinder is 
considered in [4, 5], and article [6] is devoted to the analysis of thermal stresses in a hollow sphere. Papers [7, 8] are 
related to the determination of the temperature field in a piezoceramic shell and a round plate in solving uncoupled 
problems. Coupled dynamic problems for a homogeneous piezoceramic layer, as well as dynamic problems in a coupled 
formulation for a gradient-inhomogeneous piezoceramic layer, were considered in [9 10]. In [11, 12], fields in an 
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unbounded medium were analyzed. In [13, 14], a long hollow cylinder was considered, and thermoelectroelastic fields 
were analyzed. 

Currently, the literature does not describe the results of constructing closed solutions to the mentioned non-stationary 
problems in a three-dimensional coupled formulation. Therefore, in this paper, we consider a round plate made of 
piezoceramic composition and having a rigid fixation, for which a new closed solution to the problem of 
thermoelectroelasticity is obtained. The use of a limit on the rate of temperature change on its front surface [10] makes it 
possible not to include the inertial characteristics of the system under study and apply the equilibrium equations in the 
calculated ratios. 

Materials and Methods. In the process of solving, a generalized finite biorthogonal transformation was used, which 
provided the reduction of the dimension of a nonself-adjoint system of equations and the construction of a closed solution 
through significant simplifying research in the image space. 


Mathematical model. Consider certain area Q: {0<7r, <b,0<0<22,0<z, <h"}, which is occupied by a 


piezoceramic solid circular plate in the cylindrical coordinate system (r,,0,z..) Arbitrary temperature boundary conditions 
can be used for the problem under study. However, for the certainty of the solution, on the upper (z, = 0) front surface, 
the temperature change j(7,,t,) at a given ambient temperature 9° on the lower (z,=h") 


plane (t. — time) is considered. The cylindrical thermally insulated surface is rigidly fixed: there is no radial component 


of the displacement vector and the angle of rotation, and its lower part is fixed in the vertical plane. The lower plane of 
the round plate in question is grounded. The front electrodated planes of the plate are connected to the measuring device. 
The design scheme of the plate is shown in Figure 1. 


eZ 4 


2x 


Fig. 1. Plate design diagram 


The mathematical formulation of the problem under consideration in a dimensionless form for an axially polarized 
piezoceramic material with a hexagonal crystal lattice of 6 mm composition has the form: 
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a, =a-b/A, O*(r,,2.,t.) — temperature increment in dimensional form; U(r, 2.,t.),W "(te Ze te) 


o* (7, Ze, ts ) — components of the displacement vector, electric field potential; o-, (7, z, f), Oz (”, z, ) — components 

of the mechanical stress tensor; D,(r,z,#)— radial component of the electric field induction vector; A, k, a;— 

coefficients of thermal conductivity, volumetric heat capacity, and linear thermal expansion; 49 tr t) — electric 

potential induced on the upper front surface; yi, gi — components of the tensor of temperature stresses and pyroelectric 

coefficients (i= 1,3, yu = Cia); e15, €31, €33, €11, €33 — piezoelectric modules and permittivity coefficients; ©” = T— T; 

T, To) — current temperature and temperature of the original state of the body; B,.; — relaxation time; a — heat transfer 
1 


coefficient, ©)» — known rate of temperature change; V = ap =; 
ror 


To determine the potential of the electric field induced under deformation on the upper front surface 9 (r, ae in the 


case of connecting electrodes to a measuring device with a large input resistance, an additional boundary condition is used: 


0 

— | D,,-odS =0 

= [ Poe (5) 
(S) 


where D. (r, z, t) — axial component of the induction vector; S — surface area. 
Construction of a general solution. To fulfill the condition of fixing the cylindrical surface of the plate in the vertical 
plane, new functions w (7, z, t), Wi(t) are introduced: 
W(r, Zs t)=Wi(t)+w(r, Z, t), (6) 
this makes it possible to form a boundary value problem with respect to functions U, w, o, ©, which is investigated by the 


method of finite Fourier-Bessel transformations: 
1 


Uy (1,201) = [U(r.208) 0 (Gyr dar (7) 


0 


{wi (n,z,t),dn (n,z,t),Nu (n,z,t)} = [ 6-(0.2.1).0(r.2.1),.(r.2.0) rJ (inr)dr, 


ee ay ee Ga (8) 
{w(r,z,t),0(r,2,t),O(r,z,t)} = 25° {wi (n,z,t) dy (n,z,t),Nu (m2.t)} (in), 


n=0 Jo GP y 


where /, — positive zeros of the function J; (in ) (n = 0,0; Jo= 0), J,(...) — Bessel functions. 

It should be noted here that to satisfy the last boundary condition (2), it is necessary to assume that the original 
temperature of plate Tp is equal to the ambient temperature 9”, and the temperature increment function on the upper front 
surface (1, ¢) = 0. These assumptions, without much error, allow assuming that on the cylindrical surface of the plate, 
OC, z, ) =0. 
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As a result of using the transformation algorithm in the image area, the following initial boundary value problem is 


obtained: 
Ou Ow ob 
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0 
At the next stage of the solution, the introduction of functions U;(n, z, t), Wx(n, z, t), x(n, Z, t), Ox(n, Z, t) using the 


following relations: 
UH (n,z,t) =H (n,z,t)+Un (n,z,t), WH (n,z,t) = A, (n,z,t)+Wu (n,z,t), (12) 


Ou (n,z,t) =H; (n,z,t)+@u (n,z,t), Nu (n, z,t) Ay (n,z,t)+ On (n,2,t), 
allows the reduction of conditions (9) to homogeneous. 
Here, {H)...H4}={Hi...Hi\+{ fo(z)...fi2(z)} bou(t), {Hi...Ha} ={fi(z)...fa(z)pour(t)+{ fs (z).-.fa(z)} 9a, 
fi(z)...fi2(z) — twice differentiable functions. 
Substitution (12) in (9) — (11) when the conditions are satisfied: 
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provides the formulation of the following task: 
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t=0;UH =Uon; WH =Won; Ou = Gon; Qu =Qon, 
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Using the biorthogonal finite transformation (CMD) [15], we obtain a solution to problem (14) — (16). CMD with 


unknown components of vector functions of transformations is introduced on _ the 
KiQ\in, z). ‘ Ka(Kin, Z), N\ (Lin, Zz). : -Ni (tin, z): 
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where Ain, Lin — the eigenvalues of the corresponding problems with respect to the components of the vector functions of 


the CMD (k= 1...4). 
In the course of transformations, we obtain a task for determining transformants G(n, Ain, £): 


2 —— 
(poo S 98 Jo(mdat =-Fi(n,hint),(i=10 1 =0,00) 
d Kin, , 
1-0, 6Gin.n.0)= Gye, Oe) <esbigen, 
dt \t=0 


whose solution has the following form: 
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0 


in addition, two homogeneous problems with respect to components Ki(Ain, Z)...Ka(Ain, Z), 
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dK in dK in 
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0 
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Min, M2in — roots of the characteristic equation: Bm?, + mj, +7, = 0. 

Constructed homogeneous problem (23), (24) with respect i functions Nj (tin, Z)...Na4([in, Z) is invariant to the initial 
calculated relations (14), (15). 

Systems (21), (23) are reduced to the following equations with respect to Ko(Ain, z), N2(bin, Z): 


a’ 6 d 4 d 2 
(S + @lin dz + €2in dz4 + €3in iE + €4in oa 7 Noin } = 0. (25) 
In the paper, coefficients e1j,...e4in are not given due to the limitation of its volume. 

In equation (25), the left part is decomposed into commutative factors, presented below: 


2 2 4 
(5-4 (S45, [Soom < + | an Na) = 0, (26) 
Zz ZL ZL 


e4i _ : 
where Alin = V Buin, Ain = ~VStin » M5, = Ctin + Bin + Shins Main = a a » Bin, S1in — real positive roots of the following 
2in 


ee . lin 
characteristic equations: 
4 3 2 
Bin at e1inBin + €2in Bj, + €3in Bin + Cain = 0, 


C4in 
So = (tin ag Bin Si te (e1inBuin ot he + €2in )Sin = B. a 0. 


lin 
When examining a round rigidly fixed piezoceramic plate, the general integral of equations (26) has the following form: 
{Kain , Noin } = {Din Ein \ exp ( Atinz) a {Doin , Edin } exp (—Atinz) + {Dsin EL 3in \ sin (Aainz) at (27) 


+{ Dain Lain} cos (Arinz) ot {Dsin, Esin \ sin(A3inz) ate { Dein, Eoin} cos ( A3inZ) tr 
+{Drin, Erin} sin (Asinz) + {Dsin, Esin } cos (AginZ), 


where 
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0.5 0.5 
2 ly 4 2 2 4 2 
M3in + M3 in —4m4,, A _ M3 in — YN 3in — 4mj;, 
Asin = > A4in . 


2 


It should be noted here that the condition of the actual positive values of coefficients Byin, Siin, Aiin..-A4in iS fulfilled 
for most structures made of piezoceramic material. Otherwise, the formula structure (26), (27) simply changes. 

Considering that the connections were previously obtained as a result of reducing (21), (23) to (25), we get expressions 
for functions K\(Ain, z), K3(Ain, Z), Ka(Ain, Z), Ni(Ains Z)s N3(Ains Z), Na(Ain, Z)- 

Substituting Ki(Ain, z)...Ka(Ain, Z), Ni(tin, Z)...Ni([in, Z) In conditions (22), (24) provides determining constants 
Diin...Dsin, Ein ...E'in and eigenvalues Ain, Hin. 

The final expressions of functions U (n, z, f), W (n, z, f), 0 (n, z, 1), © (n, z, f) are obtained by applying the inversion 
formulas (17), (8). Then, taking into account (6), (12), we have: 


(%, z,t) ay Jil (ine an n, z,t) + Grn, Din t )N1 ( Hin, Z \ Kin || 
n=l Jo( (jn) i=l 


| (28) 


W (r,z,t) =Wi(t my) #0 


ue 1 (n,z,t) +L Omran Nol bin,z)||Kin | | 
jn) = 

) 
2 


(7, Z, t) )=2)) an fn n 12,1) +) G( 2, dinst JN3 (meal | 


(r,z,t) ye 0 (Jnr | (n,z,t) + Grn, Din, t )Na ( Hin»Z )|Kin| | 


+ Jo( (jn) i=l 


Functions /i(z)... fi2(z) are calculated from the simplification condition F\... F4 when conditions (13) are satisfied: 


7H, ee) 0H; 
29) , , : _ 
Jnl a az? + a2Jn ae a3Jn Be JnHl4 =0, 


2H 


; . 0H F 
aijnHr-a4 3 a2 jn + as jn Hs — ao 7 ta Or =0, 
oH OH : OH . OH. 
— jn Hs + ag —— an? : — ao Jn jt ao jn He — a a2 Aina — an =O 
0°H, 
23) _ 
jJnHa - az2 = 0. 


Function W;(f) is determined from condition W(1, h, t) = 0: 


t)=-2))] Ha (ht) + > G(n, dint )No (Wink) Kill Yo (in) 


n=0 i=l 
For a qualitative assessment of the induced electric pulse on its upper front surface, it is required to form two electrodes 
with a radius of separation R and connect them to a measuring device. In this case, potential do(r, , induced on two 
equipotential surfaces is represented as: 


b0 (1,1) = 01 (t)H (R-r) +600 (t)H (rR), (29) 


where H(...) — the Heaviside step function. 
Substituting (29) into (5) makes it possible to define expressions for determining potentials o(), o2(): 


R 1 
| Dap-otdr = | Dap-otdr =0. (30) 
0 R 


As a result of solution (30), functions do(f), bo2(¢) are defined as follows: 


_ p2 
on (0) = O51 [01(0)+02(+ Os (0) 4 (0)=2e!| -0.()+ 0. 0)+04(0), 
where 
Ji (jnR) { aro ai OH2*(n,z,t) as OH3"(n,z,t) 
=R) —— >, —A4A1'(n,0, pa Ls ae 
ae n=l oe a ar Oz je=0 Jn Oz \2=0 
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yet 2,0) ans) Jae) } 
0 


i=l ||Kin||° as Jn dz iz=0 Jn dz |z= 
0H 2" (0,z,t) 0H3"(0,z,t) ies G(Ai0,0,t) dK» (Ai0,z) dK3(Xi0,z) 
jak . 
2 ( ) a Oz \z=0 a Oz \z=0 2 Kio |’ . dz |z=0 ae dz \z=0 


Q3(t)= anf or (r,t) rdr, O4(t) = anf or (r,t)rdr, 
0 R 


on [En et oF) 20] AU] | 0 pepe tele ati) I 


dz |z=0 Jo (i, ) a5 Jn dz \z=0 Jn dz 


n=1 


Qo2 2 Jo (hr ) as Jn dz \z=0 Jn dz 


In this case, the potential difference V(#) is determined by the equality: 
V(t) = b01 (¢)— 02 (7). (31) 
Research Results. Numerical results are presented for a plate made of piezoceramics of the composition 
PZT-4 [4, 11, 16]: 
{Cu, Cra, Cis, C33, Css} = {13.9, 7.78, 7.3, 11.5, 2.26}<10"° Pa, {e11, 633} = {6.46, 5.62} x 10° F/m, 
{é15, 31, 33} = £1257, —5.2, 15.1} Ci’, A=1,6 W/(m-:K), Ou = 0.4«10> KI, 
k= 3x10° J/ (m*-K), gi = 933 =-0.6x104 C/(m?-K), Bret = 10+ 5, a = 5.6 W/(m?-K). 


The following case of temperature change j (7+,t«) is investigated: 


0} (T,t«) -(1-4 |r sn( tH (ta —te)+H (ts — thax ) ; 


where Tinax, tmax —- Maximum temperature value and the corresponding time (Gas =100°C, To = 20°C). 


dz z=0 a z= n=l 


Figure 2 shows graphs reflecting at various points in time (thax =01 s) the change in temperature ©*(0, z, f) in the 
thickness of the plate (b = 14x10 m, h* = 1x10 m). 

According to the calculation result, it is observed that due to the high coefficient of thermal conductivity and the small 
thickness of the piezoceramic plate, the steady-state temperature regime is formed quite quickly (tna =10 s) when it 
reaches ©*(0, z, #) on the lower front surface (z = h) 78°C (Fig. 2). 

Figure 3 shows the change ©* (0, Up ; t) in time (toe =3x10° s) taking into account (represented by a solid line) 


and without account for (represented by dotted line, B = 0) the relaxation of the heat flux (b = 14x10> m, h” = 1x10 m). 
It should be emphasized that the application of the hyperbolic Lord-Shulman heat conduction equation is needed only in 


the study of a piezoceramic micro-dimensional structure with a very rapid change @/ ( Vs,te ). 


©" (0, z,t),°C 


60 


40 


20 


0 0.02 0.04 0.06 Z 


(rN Hol 7, Hnl?) Jo2ey[ 2 Yo fo(z)+ diol) _as afin(z) I 
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Fig. 2. Diagrams ©*(0,z,t)—z:1—t=tmax, 2—t =10tnax, 3—t =100thar 


0 2x10+ 4x10+ 6x104 t 
Fig. 3. Diagrams o°(0 WA t)-t 1-44 : 
g. 3. Diag We pit | 
solid line — B =10~°(s), dotted line — B =0 


The numerical results of determining function ©°(r, z, t) show that when conducting a study of a structure made of 
piezoceramic material, it is possible to neglect the impact of the rate of change of body volume and tension on the 
temperature field, i.e., to use only the equation of thermal conductivity in calculations. 

Figure 4 shows a diagram of movements W*(0, z, f) over time ¢, and Figure 5 shows the dependence of the change in 


the radial component of normal stresses o,(r,z,f) along coordinate r at different points in time: 


1-t =tmax, 2—t =10t max (thax =1 s), solid line — z= 0, dotted line — z= A. 


W*(0,z,t)x107,m 


—10 


—15 
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Fig. 4. Diagrams W*(0, z, t) —¢ 


Gr(r, Z, 2)x10-7, Pa 


0.2 0.4 0.6 0.8 


N 


~ 


Fig. 5. Diagrams o,,(r, z, 2) — 1: 1 —t = tary 2 — t= 10tnax 


It should be noted that under heating, the plate bends with increasing thickness; due to fixation, compressive normal 
stresses o,,(r, z, f) are formed at all points. In the case of complete heating of the structure (¢= 10tnax), the value of normal 
stresses 67(r, z, 10tmax) in the height of the section practically coincide (Fig. 5, Diagram 2, solid and dotted lines). At this, 
or(r, 0, t) remains constant over the entire time interval t > tnax (Fig. 5, solid line), and on the lower plane at the initial 
moment of time o,(r, h, f), it is significantly less (Fig. 5, Diagram 1, dotted line). 

For a qualitative assessment of the induced electric pulse in the form of a potential difference V(f) (31), two electrodes 
with a radius of separation R = 0.7 and connected to a measuring device (Fig. 6, solid line) must be formed on the upper 
front surface of the element in question. At this, determination of V(¢) by connecting the upper and lower (grounded) solid 
electrodated surfaces of the plate to the voltmeter (Fig. 6, dotted line) is ineffective. 


V(t)x10° 


0.5 


0 2x 104 4x10 6x 104 t 


Fig. 6. Diagrams V(t) — ¢ 
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Discussion and Conclusion. The developed closed solution of the coupled axisymmetric thermoelectroelasticity 
problem for a round plate made of piezoceramic material is more accurate than the solution that was developed when 
solving problems in an uncoupled formulation. This is due to the fact that the calculated ratios obtained make it possible 
to determine how the non-stationary temperature field affects the stress-strain state and the electric field of the element 
in question, which makes it possible to describe the behavior of a round piezoceramic plate under the influence of 
thermal and electrical loads with greater accuracy. In addition, it becomes possible to scientifically establish the 
dimensions of two uncoupled electrodes, which provides measuring the induced electric pulse most effectively. 
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3aAGIEHHbIU BKIAO aemopos: 

J.A. WntaxunH — Hay4Hoe pyKopoycTBo, PopMupoBaHve OCHOBHOM KOHICMMMM, eu Wu 3aqa4qu UccileqOBaHHA, 
IIpoBeeHue pacueToB, POPMUPOBAaHHe BEIBOOB. 

E.B. CapuHopa — MovToToBKa TeKCTA€, aHaJIH3 pe3yIbTAaTOB MCCeqOBaHHA, JOpadoTkKa TeKcTa, KOPpeKTHPOBKa BEIBOOB. 


Kondsukm unmepecoe: aBtopsl 3adBAIOT OO OTCYTCTBHH KOH@IMKTa HHTepecos. 
Bce aemopoi npowumaau u odobpulu oKOHYaMebHolu Bapuanm pyKonucu. 
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